In this investigation the gastroprotective activity of stigmasterol and β-sitosterol was evaluated. Gastric mucosal damage was induced in rats by intragastric ethanol (1 mL/rat). Rats treated orally with stigmasterol suspended in Tween 80 at 10, 30, 100 and 300 mg kg -1 showed 26.2, 39.6, 58.3 and 70.7% gastroprotection, respectively. β-Sitosterol at 10, 30,100 and 300 mg kg -1 showed 21.6, 42.5, 48.5 and 71.2% gastroprotection, correspondingly. The gastroprotection observed at 30 mg kg -1 for stigmasterol and β-sitosterol was attenuated in rats pretreated with indomethacin, (10 mg kg -1 , s. c.), N G -nitro-L-arginine methyl ester (L-NAME, 70 mg kg -1 , i. p.) and capsaicin (125 mg kg -1 , s. c), suggesting that the gastroprotective mechanism of these sterols involves, at least in part, the participation of prostaglandins, nitric oxide (NO) and capsaicin-sensitive sensory neurons (CPSN). The gastroprotection of β-sitosterol was also attenuated by the pretreatment with N-ethylmaleimide (NEM, 10 mg kg -1 , s. c.) indicating that endogenous sulfrydryls may be involved in the gastrorpotection of this compound. Carbenoxolone was used as a gastroprotective model drug and showed a dose-dependent gastroprotective effect (25.7, 33.6 and 88.3% of gastroprotection, at 3, 10 and 30 mg kg -1 , respectively). The partial participation of PGs, sulfhydryls and NO was observed in the gastroprotective mechanism of carbenoxolone.
Gastric and duodenal ulcers are illnesses that affect a considerable number of people in the world. Ulceration occurs when there is a disturbance of the normal equilibrium caused by either enhanced aggression or diminished mucosal resistance. In general, defensive mechanisms of the gastric mucosa against aggressive factors, such as hydrochloric acid, bile, non-steroidal anti-inflammatory drugs, and various stresses, mainly consist of functional, humoral and neural factors. Mucus-alkaline secretions, microcirculation and motility act as functional factors, while prostaglandins (PGs) and nitric oxide (NO) act as humoral factors and capsaicin-sensitive sensory neurons (CPSN) act as neuronal factors [1, 2] . Many pharmaceutical products have been employed for the treatment of gastroduodenal ulcer and peptic diseases, and for decreasing mortality and morbidity rates, but they are not completely effective and produce many adverse effects. Moreover, some of these pharmaceutical products are very expensive [3] .
Several triterpenoids, including carbenoxolone and sterols, have been shown to possess anti-ulcer activity [4] [5] [6] . We have proposed previously that a hydroxyl group (free or derivatised) at position C-3 is necessary for sterols and triterpenoids to have antiulcer activity [7, 8] . This hypothesis is based on the observation that triterpenoids and sterols with this structural feature have shown anti-ulcer activity [5] . In this sense, we were interested in evaluating the gastroprotective effect of stigmasterol, a sterol with a hydroxyl group at position C-3, whose structural difference with β-sitosterol is the presence of one double bond at position C-22. β-Sitosterol and its glucoside have exhibited anti-ulcerative activity in chronic acetic acid-induced gastric ulcers [9] and in ethanol-induced gastric lesions [7, 8] . These two sterols share several biological activities, such as cholesterol-lowering, anticancer activity, free radical scavengers, modulating agents of the immune system, and analgesics agents [10, 11] . Considering that stigmasterol and β-sitosterol have very close structures and that they share similar effects, we were interested in carrying out an evaluation of the gastroprotective properties of stigmasterol using, as an experimental model, the inhibition of ethanolinduced ulceration in rats. In addition, we also discuss the role of endogenous nitric oxide (NO), sulfhydryls (SHs), prostaglandins (PGs) and capsaicin-sensitive afferent neurons in the gastroprotection of stigmastrol and β-sitosterol.
More than 100 different types of phytosterols have been identified; most of them have 1 or 2 carboncarbon double bonds. β-Sitosterol, stigmasterol and campesterol are the most abundant sterols in plants (phytosterols) and they are the counterpart of cholesterol in animal products [12] . Stigmasterol (10-300 mg kg -1 ) and β-sitosterol (10-300 mg kg -1 ) administered orally reduced, in a similar form, the ethanol-induced gastric hemorrhagic lesions, in a dose-dependent manner compared with responses obtained in control groups ( Table 1 ). The maximum percentage inhibition of ulcers (% gastroprotection) obtained with 300 mg kg -1 stigmasterol and β-sitosterol following oral administration was 70.70 ± 5.8% and 71.2 ± 12.4%, respectively (Table 1) . Similarly, carbenoxolone (3-30 mg kg -1 ), given to rats orally 30 min before ethanol treatment, produced a dose-dependent inhibition of hemorrhagic lesions ( Table 1 ). The maximum percentage gastroprotection obtained for the highest dose of carbenoxolone (30 mg kg -1 ) was 88.3 ± 5.4. Accordingly, with our hypothesis that a hydroxyl group (free or derivatised) at position C-3 is necessary for sterols and triterpenoids in order to have anti-ulcer activity [7, 8, 13] , it was to be expected that this compound showed anti-ulcerogenic activity. The only structural difference between stigmasterol and β-sitosterol is the presence of one double bond at position C-22 in stigmasterol. This is the first experimental evidence of the gastroprotective effect of stigmastrol in rats. The anti-ulcer activity shown here for stigmasterol is one more biological activitity that is shared by these two very common phytosterols. Epidemiological and experimental studies suggest that dietary phytosterols may offer protection from the most common cancer in Western societies, such as colon, breast and prostate cancer [12] . The relationship of human dietary intake of phytosterols and gastroprotection should be explored to know the practical significance of the results found here for two of most common phytosterols in nature.
It is well known that ethanol produces gastric mucosal damage within 1-3 min of its instillation into the gut, and lasts for more than 2 h by causing areas of focal hyperemia and hemorrhage [14] . Moreover, intragastric administration of ethanol increases vascular permeability and vascular damage occurring in capillaries near the luminal surface and not in the deeper muscularis mucosa, which indicates a role for impaired blood flow in the genesis of ethanol-induced gastric lesions [14] . Nitric oxide (NO), interactively with prostaglandins and sensory neuropeptides, regulates gastric mucosal integrity in rats [15] . The activation of mucous membrane protective factors seems to be the most common anti-ulcer activity mechanism for triterpenoids and sterols [5, 13] , instead of the inhibition of gastric acid secretion [7] .
Integrity of the gastric mucosa requires continuous generation of prostacyclin (PGI2) and prostaglandin E2 (PGE2) [16] . Suppression of prostaglandin synthesis by NSAIDs results in increased susceptibility of the mucosa to injury [13] . When the gastric mucosal defense is compromised, exogenous noxious agents (e.g. ethanol, NSAIDs), together with HCl and pepsin, penetrate into the mucosa and damage the mucosa microvasculature. This damage produces reduction in oxygen and nutrient delivery resulting in the release of pro-inflammatory and vasoactive mediators (serotonin, endothelin, leukotriene C4, and platelet activating factor), that in turn exaggerate ischemic necrosis [14] .
The ulcer index of the rats treated with 10 mg kg -1 of indomethacin (97.3 ± 13.6 mm 2 , Figure 1A ), 70 mg kg -1 of L-NAME (124.8 ± 15.2 mm 2 , Figure 1B ), 10 mg kg -1 of NEM (127.6 ± 15.1 mm 2 Figure 1C ) or 125 mg kg -1 of capsaicin (94.0 ± 15.0 mm 2 , Figure  1D ) were not significantly (P > 0.05) different compared with their respective controls treated only with saline solution (113.0 ± 11.2 mm 2 , 115. 5 ± 11.7 mm 2 , 108.7 ± 8.7 mm 2 and 117.6 ± 7.3 mm 2 ). It is very well recognized that these doses inhibit prostaglandins synthesis, inhibit NO synthase (NOS), block the endogenous sulfhydryls and produce the ablation of primary sensory capsaicin-sensitive afferent neurons, respectively, but do not cause ulcers [8, 13, 17] .
Previous treatment with indomethacin (10 mg kg -1 , s. c.), a cyclooxygenase inhibitor, attenuated the gastroprotection afforded by stigmasterol (30 mg kg -1 ), β-sitosterol (30 mg kg -1 ) and carbenoxolone (30 mg kg -1 ) against ethanol-induced gastric mucosal lesions ( Figure 1A) . These results suggest that the gastroprotective activity of these compounds has a straight relationship with an increase of prostaglandin synthesis [18] . The results obtained here for carbenoxolone are in agreement with previously reported work [18] .
It is known that authentic NO or NO donors markedly reduce the severity of damage to the gastric mucosa induced by topical application of ethanol [19] . It has been suggested that NO acts as an antioxidant in mucosal dysfunction associated with either ischemia-reperfusion or induced by ethanol, indomethacin or in other inflammatory conditions of the gastrointestinal tract [20] . NO participates in the gastric defense mechanisms by regulating the gastric mucosal blood flow, acid and alkaline secretion and gastric mucus secretion [21] . The previous administration of L-NAME (70 mg kg -1 , i.p.), a NO-synthase inhibitor, reduced the anti-ulcerogenic activity of stigmasterol (30 mg kg -1 ), β-sitosterol (30 mg kg -1 ) and carbenoxolone (30 mg kg -1 ) ( Figure 1B ), suggesting that the anti-ulcer activity of these natural products is through the participation of NO. The role of NO in gastroprotection has been widely accepted [19, 22] and, as was demonstrated here, the inhibition of NO synthesis by L-NAME reversed the gastroprotective activity of stigmasterol, β-sitosterol and carbenoxolone.
Ethanol-induced gastric damage has been shown to be associated with depletion of endogenous sulfhydryls, and pretreatment with sulfhydrylblockers prevented the gastroprotection of sulfhydryl containing substances [23] . Pretreatment with N-ethylmaleimide (NEM, 10 mg kg -1 , s. c.), a sulfhydryl-blocker, reduced the gastroprotection afforded by β-sitosterol and carbenoxolone ( Figure 1C ). This indicates that endogenous sulfrydryls may be involved in the gastroprotection of these substances.
Capaicin-sensitive afferent neurons are involved in gastric mucosal protections against ulcerogenic factors. This type of gastric defense is primary due to a local mechanism initiated by sensory nerve endings in gastric mucosa [24] . Capsaicin is widely used to ablate sensory C fibers. Pretreatment with capsaicin (125 mg kg -1 s. c.) canceled the gastroprotection of stigmasterol ( Figure 1D ) and attenuated the antiulcerogenic activity of β-sitosterol in the ethanolinduced ulcer model ( Figure 1D ). These results suggest that capsaicin-sensitive afferent neurons participate in the gastroprotection of these substances on the ethanol-induced gastric lesions. Carbenoxolone activity was not affected by pretreatment with capsaicin ( Figure 1D ).
The results found here can be related to the role of phytosterols in the diet of vegetarian people where the prevalence of peptic ulcer is lower that in nonvegetarians. This point is important, but requires additional experimental support.
In conclusion, we found that stigmasterol has a gastroprotective effect similar to that shown by β-sitosterol in inhibiting ethanol-induced gastric lesion. However, the participation of the mucous membrane protective factors do not seem to be the same in the action mechanism of these phytosterols. Whereas prostaglandins, endogenous NO, endogenous sulfhydryls and capsaicin-sensitive sensory neurons play an important role in the gastroprotective mechanism of β-sitosterol, the endogenous sulphydryls do not seem to participate in the mechanism of gastroprotection of stigmasterol. In addition, the results found here might play an important role in establishing a relationship between phytosterols intake in vegetarian diets and the protection gives to the development of gastric lesions.
Experimental

Animals:
All the experiments were performed with male Wistar rats, 55-60 day old, weighing 180-220 g, obtained from Centro UNAM-Harlan (Harlan México, S.A. de C.V.). Procedures involving animals and their care were conducted in conformity with the Mexican Official Norm for Animal Care and Handing (NOM-062-ZOO-1999) and in compliance with international rules on care and use of laboratory animals. Unless otherwise specified, the rats were placed in single cages with wire-net floors and deprived of food 24 h before experimentation, but allowed free access to tap water throughout. All experiments were carried out using 6-10 animals per group.
Drugs and dosage: Carbenoxolone (Sigma-Aldrich
Co.) was used as the gastroprotective model drug [18] . The drugs were prepared freshly each time and administered suspended in 0.5% Tween 80 by the intragastric route. Control rats received the vehicle (0.5% Tween 80) in the same volume (0.5 mL/100 g) by the same route. β-Sitosterol, stigmasterol, N G -nitro-L-arginine methyl ester (L-NAME), N-ethylmaleimide (NEM), capasicin and indomethacin (IND) were purchased from Sigma Chemical Co., USA. Sodium pentobarbital solution for veterinary use (Anestesal) was acquired from Pfizer S. A. de C. V. México.
Acute gastric ulcer induced by absolute ethanol:
Ulceration was induced according to the method described by Robert [25] by intragastric instillation of 1 mL of absolute ethanol. The drugs were administered to different groups 30 min before ethanol administration. Two hours after ethanol administration, the animals were euthanized by intraperitoneal injection of an overdose of sodium pentobarbital (75 mg kg -1 ). The stomach and duodenum were dissected out; inflated with 10 mL of formalin, and placed in 2% formalin for 15 min to fix both the inner and outer layers. The duodenum was opened along its anti-mesenteric side and the stomach along the greater curvature. The damage area (mm 2 ) was measured under a dissection microscope (x10) with an ocular micrometer. The sum of the area of all lesions in the corpus for each animal was calculated and served as the ulcer index. Gastroprotection (%) was calculated according to: % gastroprotection = (UIC-UIT) x 100/UIC, where UIC is the ulcer index in control and UIT is ulcer index in test animals [17] .
Ethanol-induced gastric mucosal lesions in indomethacim-pretreated rats:
To investigate the involvement of endogenous prostaglandins in the gastroprotective effect of β-sitosterol, stigmasterol and carbenoxolone, the rats were divided into groups according to the respective treatment. The control group received a subcutaneous injection of NaHCO 3 (5 mM) in saline solution and the others, an injection of indomethacin (10 mg kg -1 , dissolved in NaHCO 3 5 mM) by the same route [17] . After 75 min, all the animal groups received the respective treatment orally (saline solution, 30 mg kg -1 β-sitosterol, 30 mg kg -1 stigmasterol or 30 mg kg -1 carbenoxolone). Absolute ethanol was given to each rat 30 min after drug administration and the rats were killed 2 h later by a sodium pentobarbital overdose. The stomachs were subsequently removed to measure the ulcer index, as described earlier.
Ethanol-induced gastric mucosal lesions in L-NAME-pretreated rats:
To investigate the involvement of endogenous NO in the protective effects of β-sitosterol, stigmasterol and carbenoxolone, L-NAME (70 mg kg -1 dissolved in saline solution) was intraperitoneally injected 30 min before the administration of either vehicle, β-sitosterol (30 mg kg -1 ), stigmasterol (30 mg kg -1 ) or carbenoxolone (30 mg kg -1 ) by the oral route [26] . Absolute ethanol was given to each rat 30 min later and rats were killed 2 h after the administration of ethanol to measure the intensity of the gastric ulcers. Two control groups (L-NAME-treated and non-L-Name-treated) were included in this experiment [13] .
Ethanol-induced gastric mucosal lesions in NEMpretreated rats:
To investigate the involvement of the endogenous sulfhydryls in the protective effects of β-sitosterol, stigmasterol and carbenoxolone, NEM (10 mg kg, -1 dissolved in saline solution) was subcutaneously injected 30 min before the administration of either vehicle, β-sitosterol (30 mg kg -1 ), stigmasterol (30 mg kg -1 ) or carbenoxolone (30 mg kg -1 ) by the oral route [26] . Absolute ethanol was given to each rat 30 min later and rats were killed 2 h after the administration of ethanol to measure the intensity of the gastric ulcers. Two control groups (NEM-treated and non-NEM-treated) were included in this experiment [13] .
Ethanol-induced gastric mucosal lesions in capsaicin-pretreated rats:
To investigate the involvement of capsaicin-sensitive afferent neurons in the protective effects of β-sitosterol, stigmasterol and carbenoxolone, capsaicin solution was prepared in a solution containing 99.5% ethanol, Tween 80 and saline solution (92:1:7, v/v/v). Rats were anesthetized with sodium pentobarbital (30 mg kg -1 in 1 mL saline, i. p., 15 min before), and treated with increasing doses of capsaicin for 2 consecutives days (25, 50 and 50 mg kg -1 at 12 h intervals, s. c.). To counteract any respiratory impairment associated with the administration of capsaicin, the rats were pretreated with aminophylline (10 mg kg -1 , dissolved in 1 mL saline, i. m.) before capsaicin injection. After 14 days, the efficiency of capsaicin injection pretreatment was verified by the corneal chemosensory test, which consists of monitoring the wiping reflex in response to ocular instillation of a drop of 0.1% NH 4 OH solution [26] . None of the capsaicin-pretreated rats showed a wiping response, indicating effective ablation of primary sensory afferent neurons, whereas the wiping reflex was present in the vehicle-pretreated rats. The vehicle, β-sitosterol (30 mg kg -1 ), stigmasterol (30 mg kg -1 ) or carbenoxolone (30 mg kg -1 ) were given by the oral route 30 min before the application of ethanol. Two h after ethanol administration, the rats were killed to measure the intensity of the gastric ulcers. Two control groups (capsaicin-treated and non-capsaicintreated) were included in this experiment [8] .
Statistics: Data are presented as the mean ± SEM from 6-10 rats per group. Statistically significant differences between the treatments were tested by Kruskal-Wallis test (non-parametric one-way analysis of variance), followed by Dunn´s multiple comparison test. Probability (p) values less than 0.05 were considered significant.
